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INTRODUCTION

In a recent investigation of shock intensity levels on signaled
punishment of a licking response in water deprived rats, Angerami
(1976) recorded licks to a water tube in daily 10-min experimental
sessions.

In the middle of the session a 10-sec tone appeared;

following several sessions of baseline performance, a brief electric
shock was presented at tone offset if any licking had occurred during
the 10-sec tone.

Angerami found a functional relationship betxjeen

shock intensity and the degree of suppression of licking.

In a test

situation which followed the discriminated punishment condition, the
tone appeared at the first lick - sessions always began with the first
lick - and remained on the entire 10-min session.

Tone presence

under this condition did not suppress the average session lick rate,
and Angerami suggested that the subjects were probably responding to
a stimulus complex which included both the onset of the tone and the
amount of time that had elapsed since the beginning of the session.
Return to the baseline condition again produced response suppression
to the 10-sec tone.
Three questions raised by Angerami's (1976) results are addressed
in the present experiment.

The first two deal with whether or not

the subject can respond differentially to the stimulus component
"time-since-session-start", and, if so, how such differential respond
ing can best be detected.

The third question deals with whether or

1
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not results obtained with licking will generalize to an operant re
sponse such as lever pressing.

If time-since-session-start is a re

levant variable, then greater suppression should occur during an ex
tended tone-on test the closer the onset of the stimulus is to train
ing stimulus onset, that is, after half of the session has elapsed.
A stimulus onset after one minute should not produce as much suppres
sion, during either the first 10 sec or the first minute, as a stimulus
onset which occurs three or five minutes after the start of the session.
The possibility of a temporal discrimination is suggested by
the large number of laboratory studies demonstrating the formation of
temporal discriminations.

Skinner (1938) initially spoke of the estab

lishment of a temporal discrimination by saying, "...when we establish
a coincidental relation between a second event and some point in the
course of the prolonged stimulus, the organism may begin to distinguish
between the stimulus momentarily at that point and the same stimulus
momentarily at some other point by reacting differently to the two
in some other way than cumulatively.
tion..." (p. 265).

This is a temporal discrimina

To illustrate the formation of such a discrimina

tion, Skinner pointed to the performance of rats which, following ex
tinction, were reconditioned with a periodic, fixed-interval schedule
of food reinforcement; the rats stopped responding following the
delivery of the food pellet and then, after a period of non-responding,
began to respond again as the time to the next reinforcer availability
approached.

Skinner speaks of the "step-like character" (p. 215) of

the cumulative response record, and asserts that this is due to
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responses immediately following the delivery of the pellet never
being reinforced, while responses after the appropriate period of
time following pellet delivery are reinforced.
Ferster and Skinner (1957) consider the temporal discrimination
evident in fixed-interval schedules of food reinforcement.

They

explain that the longer the time since the last response, the more
likely the next response is to be reinforced.

A fixed-interval

schedule therefore normally generates a stable response pattern in
which a pause follows each reinforcement, after which the rate accel
erates to a usually moderate value.

The cumulative response records

of several pigeons demonstrated that such performance develops over
a period of time in that after prolonged exposure to fixed-interval
four or five-min schedules (FI 4 or 5-min) a pause following reinforce
ment was rarely absent, and most segments showed a smooth acceleration
to a moderately high terminal rate.
Evidence of the formation of temporal discriminations is not
restricted to the food-reinforcement situation.

Sidman (1954) pre

sented data for one animal which supported a time discrimination in
a free operant non-discriminated avoidance situation.

This discrimi

nation was evidenced by the fact that interresponse times (IRTs) of
intermediate values occurred more frequently in a cumulative frequency
distribution of IRTs than would have
of random responding.

been expected given an assumption

Sidman indicated that such a discrimination

usually appeared only after prolonged exposure of the organism to the
experimental procedure.

The five other cumulative frequency distributions
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which were presented were offered as evidence that little or no tem
poral discrimination was present.
Anger (1963) performed an interresponse-time-per-opportunity
(IRT/OP) analysis on these latter five distributions reported by
Sidman; Anger prefers such an analysis because of its possibly great
er sensitivity in detecting temporal discriminations.

Anger’s analy

sis showed that in four of the five cases the IRT/OP curve rose at
long IRTs, thereby indicating a temporal discrimination.
Morse, Mead and Kelleher (1967) and McKearney (1968) demonstrated
that FI schedules of electric shock presentation maintained responding
and that the patterns of responding resembled those described by Ferster
and Skinner (1957) mentioned above.

For example, Morse et al. (1967)

reported that shock usually initiated a brief high rate of responding
and that further responding often occurred just before the next shock
was delivered.

Such response patterns developed after continuous ex

posure to both fixed-time and fixed-interval shock schedules.

McKearney

(1968) found response rates low immediately after each fixed-interval
shock, followed by an increase until the next shock was presented.
Finally, Hutchinson, Renfrew and Young (1971) reported that with
continued exposure to fixed-time presentations of shock, manual re
sponses of lever pressing and chain pulling generally increased as
shock time approached.

In all these cases, responding seemed to be

related to the passage of time since some event.
The second question which is not answered by the data presented
by Angerami (1976) is whether the onset of the tone in the test days
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5
suppressed responding for the first several seconds of the 10-min
duration.

Brief (10 to 20-sec) suppression may have occurred, but

such brief suppression could be hidden by a measure which included
the entire 600-sec session.

Ten-sec, 20-sec, 30-sec, and one minute

comparisons with the average session lick rate would be a more sensi
tive indicator of any momentary suppression of responding coincident
with tone onset.
Another way to test this proposal would be to introduce the
10-sec tone in several places during the 10-min session to see whether
responding is suppressed in any or all of the tone-on periods.

One

advantage of such a test over the continuous tone-on test is that it
would reduce to some extent the likelihood that a response will occur
after 15 sec or so and 10 sec later the lack of shock would signal to
the animal the possible absence of shock.

Another possibility is to

alternate 10-sec of tone-off with 10-sec of tone-on for the entire
session.

Return to the baseline condition following several days of

exposure to these test conditions would determine whether weakening
of the suppressive effects of the tone had occurred.
In addition, Angerami*s (1976) tone-on test onset was response
produced and occurred on the first lick by the animal.

This lick

also turned on the houselight, and thus the conditions are different
from the usual training session tone onsets.

The present study was

designed to omit tests with tone onset beginning with the first response,
and instead to compare suppression in several different tone onset
tests, with tone onset occurring at various times after session start
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for the respective groups, the tone then remaining on for the remain
der of the session.
Another purpose of the experiment was to determine if any of the
observed suppression was due to a simple temporal discrimination of
tone onset.

Omission of the 10-sec tone in its usual position 280-sec

after session start and observing whether suppression occurs during
this 10-sec period would answer this question.
The third question of whether punishment affects operant and
consummatory responses similarly has received attention but as yet
no definite answer.

Solomon (1964) speculated that one might assume

that consummatory responses, given their obvious biological survival
significance, might be highly resistant to suppression by punishment.
However, his survey of research in the area led him to conclude that
consummatory behavior was possibly more sensitive to punishment than
instrumental behavior.
A pair of experiments by Bersch (1972) corroborated the Solomon
position.

In the first experiment, rats either pressed a lever or

licked a tube and were reinforced with water delivered intermittently
through a tube.

Punishment produced more suppression of consummatory

licking behavior than of the instrumental behavior of bar pressing.
Both during and after punishment, the lick groups showed more suppres
sion than lever-press groups.

In the second experiment, rats were

trained to press a lever which produced water on an intermittent
schedule from a lick tube.

One group was punished for each reinforced

lever press while the other group was punished for the first consummatory

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

lick following a reinforced bar press.

When punishment was made

contingent upon the consummatory response which followed bar-press
responding, severe and lasting suppression resulted.

Bar press pun

ishment resulted in less suppression and more recovery during
punishment.
Church (1969) showed an opposite result; punishment of the in
strumental response resulted in greater response suppression than
punishment of the consummatory response.

In this study, two groups

of rats were trained to press a lever with each response producing
a food pellet in a cup of the wall opposite the lever.

One group

was then punished for each lever press while the other received
punishment when a photocell beam at the entrance to the food cup was
broken.

Punishment of the operant lever press response produced

greater suppression.

Angerami (1976) concluded his literature review

on this topic by saying that the conflicting experimental results
prevent any definitive statement concerning whether punishment is
more effective in suppressing operant or consummatory responses.
In his discussion Angerami (1976) also raised the question of
whether the suppression during the tone was due to punishment or
conditioned suppression.

That question will not be addressed.

Prather,

this study was designed to ascertain the role of the time of onset
of the tone from session start during test days on any immediate and
prolonged suppression differences, and to observe results of a system
atic replication with lever pressing.

The question of whether the

tone would also suppress licking when the tone-shock contingency had
occurred only with lever pressing was also investigated.
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EXPERIMENT I

Experiment I was designed to investigate the role of time-fromsession-start upon suppression of licking during various test pro
cedures; both immediate and prolonged suppression were observed.
Recovery of suppression following tests and recovery following
cessation of experimentation were also studied.

Finally, the impor

tance of a simple temporal discrimination in suppression during the
punishment contingency was investigated.

Method

Subjects

Sixteen experimentally naive male albino rats from the Upjohn
Company colony in Kalamazoo, Michigan, and 90 to 120 days old at
the start of the experiment served as subjects.

They were housed in

individual cages with Purina laboratory chow always available.
For the watering schedule, see the Procedure section below.

Apparatus

Four experimental chambers were used, each of which was 13 cm
deep, 20 cm wide and 17 cm high.

The ceiling and walls were made

of plexiglas, with the interior surface of the walls covered with
metal.

The floor was composed of four 2 cm diameter tubular grids.

A rodent lever projecting 3 cm into the front wall of the chamber,
8
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2.5 cm from the left wall and 7 cm above the grid floor, remained in
operative during the experiment.

Located 6 cm to the right of the

lever and approximately 2 cm above the shock grid was a hole 3 cm
in diameter which allowed access to a liquid dipper (LVE/BRS Model
114-02).

The dipper was also inoperative throughout the experiment.

Masking noise was produced by a Grason-Stadler white noise generator
(Model 901B) and by a fan.

A red stimulus light and a source of

auditory stimulation (Sonalert Model SC628) were located on the left
wall.
Shocks of 325 VAC with current values ranging from 0.01 to 4.U
mA were available to the grid floor, walls, and lever via an electric
shock generator.

A white light (Chicago Miniature No. 1819) mounted

outside the experimental chamber served as houselight.

On the wall

opposite the lever was a 1 cm hole through which the subject could
gain access to a recessed metal drinking tube resting on the plexiglas portion of the wall.

A water bottle was held by a metal clamp

mounted on the wall of the sound-attenuated cabinet in which the cham
ber was enclosed, and was connected to the drinking tube with rubber
hose.

The lick transducer was a lickometer assembled from an EICO

1800 electronics kit, produced by EICO, New York, New York.

All

programming and recording were accomplished by a PDP-8e computer man
ufactured by Digital Equipment Corporation of Maynard, Massachusetts,
and located in a nearby room.

The computer was connected to the

chambers via an interface supplied by State Systems, Incorporated,
of Kalamazoo, Michigan, and utilized a time-sharing system which
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allowed programming and data analysis to be conducted while the
experiment was in progress (Snapper, Stevens, Corbez, and van Haaren,
1976).

Procedure

For seven days preceding the first experimental session, all
subjects were placed on a water deprivation schedule consisting of
a daily 10-min period in which a water bottle was available in the
home cage.

Beginning with the initial session and continuing for the

duration of the experiment, subjects had access to water only during
the experimental session, when water was freely available through
the drinking tube; exceptions are noted below.

The subjects were

randomly assigned to four groups of four rats each.

A fifth group

of four randomly assigned rats from an original pool of 20 animals
served in the second experiment.

All four groups were then submitted

to fifteen 10-min sessions during which a 2000 Hz tone of 10-sec dur
ation was superimposed on the licking Baseline condition once per
session, with stimulus onset at the 280th sec of the 600-sec session.
After Baseline was completed, all groups received either 11 or 12
discriminative punishment training sessions.
effect for all groups were the same.

The contingencies in

Fig. 1 shows the state diagram

for the discriminative punishment procedure.
As was the case for all experimental sessions, the experiment
began in State Set 1 (S.S.l) with the first licking response (R3),
which also illuminated the houselight (HL) and started the session.
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Figure 1:

Diagram of the discriminative punishment procedure.
R3 is the lick response, HL indicates houselight, " in
dicates seconds, and Z1 and Z2 are electrical pulses pro
duced by certain events and used to control the appearance
of others.
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The tone appeared at the 280th sec of the session, and if the animal
made no response during the following 10 sec, the tone was terminated
and the session continued for 310 sec more, at which tine it term
inated.

Any response during the tone generated a pulse (Z2) which

arranged for the shock to occur in S.S.2 but did not affect the tone.
S.S.2 controlled the delivery of shock.

The Z-pulse generated

by a response (R3) during the tone set up delivery of a brief (0.12-sec)
electric shock of 2.0 mA to occur coincidently with the offset of
the tone.

After the shock the session terminated in 310 sec.

Following the discriminative punishment training, all subjects
received a total of seven Extinction sessions under conditions indentical to those of Baseline.

Immediately following the last Extinction

I session, all subjects received two consecutive Test 1 sessions of
prolonged exposure to the tone.

During these sessions the tone ap

peared 30 sec, 60 sec, 140 sec, or 280 sec after session start for
Groups 1, 2, 3, and 4, repsectively, and remained on for the duration
of the session.

No shocks were delivered during the sessions in which

subjects were exposed to the prolonged tone.
Test 1 was followed by two days of Extinction II, six days of
Punishment II, three days of Extinction III, and then a second test.
For each group the tone appeared on four different occasions during
this test, each for a 10-sec duration, with onset after 30 sec, 90 sec,
180 sec, and 280 sec.

As in Test 1, no shocks were delivered on

either of the two days of Test 2.

Two days of Extinction IV, followed

Test 2, at which time experimentation ceased for 12 days; all animals
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received daily 10-min watering in their home cages.

A final two

days of Baseline followed with conditions identical to the Extinction
sessions.

Group 4 received three additional days of experimentation;

for two days the tone did not appear during the session, while on
the last day it appeared as usual for 10 sec after 280 sec had
elapsed in the session.
Groups 2 and 4 were then retained on a free water basis in their
home cages for 38 and 35 days, respectively, followed by 10 days of
restricted 10 min per day watering.

All subjects were then exposed

to 12 days of Punishment III, two days of Extinction VI, and then
exposure for four days to a third test.

During Test 3, 10-sec tone-

off periods alternated with 10-sec tone-on periods for the entire 10min session, with each test beginning with the 10-sec tone-off condi
tion.

Two days of Extinction VII completed Experiment I.

Table 1

presents the sequence and durations of experimental conditions.
Licks during each 10-sec interval of the experimental session
were recorded and a suppression ratio of lick rate per second during
tone divided by mean session lick rate per second was calculated.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE I:

Sequence and explanation of experimental conditions in
Experiment I. Numbers in parenthesis refer to number of days
the condition was in effect. All groups received identical
treatment unless otherwise indicated.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

TABLE I

SEQUENCE AND EXPLANATIONS OF EXPERIMENTAL CONDITIONS IN EXPERIMENT I.
NUMBERS IN PARENTHESIS REFER TO NUMBER OF DAYS THE CONDITION WAS IN
EFFECT. ALL GROUPS RECEIVED IDENTICAL TREATMENT UNLESS OTHERWISE STATED.
EXPLANATION

CONDITION
Baseline (15 days)

10-sec tone after 280 sec; no shock

Punishment I (11-12 days)'

10-sec tone after 280 sec; shock at tone
offset if response(s) during tone

Extinction I (7 days)

Same as Baseline

Test 1 (2 days)

Continuous tone after 30", 60", 140"
and 280" for Groups 1, 2, 3, and 4
respectively; no shock

Extinction II (2 days); Punishment II (6 days); Extinction III (3 days)
10" tones after 30", 90", 180" and
280" for all groups; no shock

Test 2 (2 days)

Extinction IV (2 days)
Baseline (2 days)

Baseline reimposed after 12-day cessation

Group 4:

No Tone (2 days)

Tone does not appear during session

Group 4:

Extinction V (1 day)

Groups 2 & 4:

Punishment III (12 days); Extinction VI (2 days)

Groups 2 & 4:

Test 3 (4 days)

Groups 2 & 4:

Extinction VII (2 days)

1.

10" tone-off periods alternate with 10"
tone-on periods, starting with toneoff; no shock.

Groups 1 and 2 received 12 days of this condition; Groups 3 and
4 received 11 days.
16
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Results and Discussion

All data are displayed as suppression ratios.

The suppression

ratio was calculated by dividing the response rate for the period
in question by the average response rate for the 10-min session.
A suppression ratio of 1.0, therefore, shows that no suppression
occurred, while a figure of 0.0 shows total suppression.

A ratio

above 1.0 indicates a higher rate in the period in question than
the average rate in the session as a whole.
Fig. 2 shows that no suppression occurred during the final
days of the Baseline condition when the 10-sec tone appeared after
280 sec of the session had elapsed.

The number 3 in parenthesis

above the Baseline suppression ratio of 1.045 indicates that the
datum point represents the average suppression ratio for all animals
for the last three days of the condition.
When tone offset coincided with a 2.0 mA electric shock if any
response(s) had occurred during the tone, the Punishment I condition,
responding during the tone dropped to almost zero; any responding
which occurred was typically one lick occurring immediately upon
tone onset, probably before the animal could stop licking.

Suppres

sion continued through Extinction I, when the 10-sec tone continued
to appear after 280 sec but the shock contingency was removed.
Two days of Test 1 then occurred, in which the tone appeared for
the duration of the session after 30 sec, 60 sec, 140 sec, or 280 sec

17
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Figure 2:

Experiment I average (of 16 subjects) suppression ratios
during the 10-sec tone-on period 280 sec after session
start for conditions indicated above each bar. Positions
of Test 1 and Test 2 are shown within broken lines.
Numbers in parenthesis above each bar indicate number of
final sessions of condition over which average was computed.
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for Groups 1, 2, 3, and 4 respectively.

Following this test, the

results of which are presented below, the tone was again presented
for 10 sec in the middle of the session; an average suppression ratio
for all rats of 0.070 was observed; such high suppression occurred
despite the fact that considerable licking occurred for all rats
during the tone on both days of Test 1.

Only one subject, S16 (No. 4

in Group 4) failed to show suppression to the tone on the first day
of the Extinction II condition, but suppressed completely on the
second day of this condition.
Table 2, which presents mean session lick rates across conditions
for the four groups, shows that the overall session rates during
Test 1 were not depressed by the continuous tone-on condition; the
average session rate for all animals was 4.221 licks per sec,
compared to a rate of 4.439 licks per sec during Extinction I.

The

table also shows that the Punishment I condition depressed the over
all average session rate from 4.536 licks per sec to 3.363 licks
per sec.

The Baseline rate was recovered by the end of Extinction I,

and remained relatively stable throughout the remainder of the
experiment.
Fig. 3 displays group suppression data for the first, second,
third, sixth, and twelfth 10-sec periods of the first day of Test 1:
Table 3 provides group suppression ratios for the same 10-sec periods
during the final day of Baseline for comparison purposes.

Tone onset

suppressed responding for all groups, with slightly greater suppression
occurring for Groups 3 and 4, in which tone onset occurred after 140

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 2:

Mean session lick rates per group and averaged for 16
subjects (AVG) during the conditions indicated. Numbers
in parenthesis indicate number of final sessions of the
condition over which average was taken. Test averages
are for the first day of test only.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

22

i

vO

O

m

*

Ph o c
O P o
I

00

CM

CO

<r oj ^

fi m-i

Ph

o
m

O

q

-u o

h

CO

)
4aJ

IH
CO x -s r *
CO TO CM vO
s -x m
CO
CQ rH
m j*

uo
m
rH
•
*d *

>
H

o

H
X
CM

/•—S
rH
X

vO
in

CO
Q
'w''

•

m
CM
ON

00

M l*

o
o

CM

< r

m
CM
m

<3*

< r

M l*

r-*

< r

vO
CM
v©

\D

cO
CO

•

CO
m

vO
«

•

•

•

M l*

M l*

*VJ*

< r

H
H /*s vO
CO vO
55 N -/ rH

o
CM

in

i-H
•
M l*

in

CO
q
uO
•

0>
CM

m 3*

M l*

O

vO
vO
CO

<*

ch

i i

H
X
Cd

O
CM CO
*3*
O’

rH r—i CO

H

XIorH

CO ctf
Cd Q M l*

CM

H

CO
o
UO

CO

•
Mf

•

O'
O'
CM

CO
in
o
•
uo

O'
o

CM
•

M l*

M l*

<*

O'

rH
in
CM
•

in

O'

/-N
H co
X ^
Cd

M l*

o
lO
UO

Mr

2S

vO

CO
CO

CO

CO

o

\©

vO

00

UO
•

-d*

M l*
•
M l*

MT

•
h3-

rH

CM

CO

< r

a .
3

a .
3

a

0

O

co

q ^
Ph
hJ
Cfl

CO

•

CU
3

•

0

O

H
q

u

o

vO
\D
<r

CM

CO
CM

•

•

o
*3 *
•
M l*

rH
m

mT

•

•

M

M l*

vO
vO

•

q

t—H

00

H
X
w

CO

CM
uo

co

m
vo

2

CO rH

m
o
CM
•
m 3*

TABLE

H
CO
w
H

co

CO
CO
< r

uo

•

Mr

mt

O'

00

m
o>
\0

CM

CM

O
CO
m 3*

CO

in

•

O'•

CO
vO

CO

CO

CO

CO

\0

vO

VO

CM
MT

m

U
q

3

u

o

CO

Pd

o
3

fd
<3

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

23

Figure 3:

Suppression ratios for each group and for two tests of
Masiques (Note 1) during the first, second, third, sixth,
and twelfth 10-sec period after tone onset during Test 1.
For Masiques, continuous tone appeared at session start
(M-start) and after 10 sec (M-After 10 sec); for Groups 1,
2, 3 and 4, continuous tone appeared 30 sec, 60 sec, 140
sec, or 280 sec, respectively, after session start.
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Table 3

Suppression ratios for each group on last day of Baseline
during the five 10-sec periods equivalent to those in
Fig. 3.
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TABLE 3

1

2

3

6

GROUP 1

1.121

1.309

1.208

1.231

GROUP 2

1.266

1.059

1.285

1.273

j

GROUP 3

1.463

1.266

1.222

1.386

GROUP 4

1.003

1.131

1.189

1.173

j 1.149
I
! 1.254

j 12
i
j 1.316
I
.862
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sec and 280 sec, respectively, had elapsed in the session.

This

tendency for greater suppression to be associated with tone onset
closer to the middle of the session is seen more clearly at the
second 10-sec period after tone onset (sec 11 to sec 20), in which
responding began to occur for Groups 1 and 2 while Groups 3 and 4
remained suppressed.

An analysis of variance statistical procedure

showed no significant differences among the four groups at this second
10-sec period (F = 1.704; p <.219).

The third 10-sec period saw all

groups increase responding to rates very similar to their overall
session rates.

Fig. 3 also contains group test data from Masiques

(1976, Note 1).

The experimental group in that study which received

the 10-sec discriminated punishment condition after 280 sec of the
session was exposed to two tests, each preceded by several sessions of
punishment and then extinction.

In the first test, labeled M-start

in the figure, the tone appeared at session start and remained on for
the duration of the session.

The M-after 10 sec curve shows group

data when each subject was tested with a tone appearing 10 sec after
session start and then continuing for the duration of the session.
Under both test conditions, the tone showed no suppressive effects,
even during the first 10 sec of its appearance.

The four panels of

Fig. 4 present individual subject Test 1 suppression ratios for the
four groups.

In general these data show a tendency for more pro

nounced and extended suppression to be associated with tone onset closer
to the 280-sec punishment condition tone onset time.

Fig. 4b shows

that S5 (No. 1 in Group 2) did not suppress when the tone appeared;
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Figure 4:

Individual subject Test 1 suppression ratios for Group 1
(Fig. 4a), Group 2 (Fig. 4b), Group 3 (Fig. 4c), and Group
4 (Fig. 4d). Tone onset occurred 30 sec, 60 sec, 140 sec,
or 280 sec, respectively, after session start. Suppression
ratios are for the first, second, thrid, sixth, and twelfth
10-sec periods after tone onset.
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S5 did not suppress on the second day of the test either.

S5 showed

the weakest average suppression of all rats during the last three
days of Extinction I, a suppression ratio of 0.086.

On the final

day of Extinction I, a suppression ratio of 0.213 was recorded,
equivalent to 10 licks during the 10 sec tone.

Fig. 5 presents

the individual data from Masiques (1976) for comparison.

Fig. 5b

indicates that mild suppressive effects of the tone occurred in three
of the four subjects when tone onset occurred 10 sec after session
start; no such clear evidence exists of a general suppressive effect
of tone onset when it occurred at session start (Fig. 5a); Subject 1
suppressed, Subject 4 responded at a high rate, and Subjects 2 and 3
showed only a very mild suppression at most.
Following Extinction II, described above, a second punishment
condition and a third extinction condition were followed by Test 2.
Punishment II and Extinction III continued to maintain almost complete
suppression, yielding suppression ratios of 0.015 and 0.017 respective
ly.
Test 2 consisted of four 10 sec tone-on periods for all subjects,
with tone onset occurring after 30 sec, 90 sec, 180 sec, and 280 sec.
Fig. 6 presents the results of the test, and shows that suppression
occurred in all four 10-sec tone appearances, with slightly greater
suppression occurring in the last two tone-on periods.

This trend

is noteworthy since some responding had occurred for most subjects
in the first two tone-on periods.

Investigation of individual session

records showed that subjects almost always resumed licking during
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Figure 5:

Individual subject suppression ratios for Masiques
(Note 1). Continuous tone (as in Test 1) appeared at
session start (Fig. 5a) or 10 sec after session start
(Fig. 5b). Ratios are for the first, second, third,
sixth, and twelfth 10-sec periods following tone onset.
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Figure 6:

Average suppression ratios (16 subjects) for the four
10-sec tone-on periods of the first day of Test 2
(bottom curve) and comparative 10-sec periods averaged
over the last three days of Baseline (top curve). Tone
onsets occurred 30 sec, 90 sec, 180 sec, and 280 sec after
session start.
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the 10-sec period following the four tone offsets of Test 2, but
it was usually the second 10-sec period following offset before lick
rate equalled the rate prior to tone onset.
Two days of Extinction IV followed, in which the 10-sec tone
appeared after 280 sec of the session.

As Fig. 2 shows, suppression

occurred at a high suppression ratio of 0.023 even after the two days
of 4 tone-on periods in Test 2.

However, the four tone-on periods

had no effect on the mean session rate; an average of 4.512 licks
per second occurred during Test 2 as compared to 4.466 licks per
second during Extinction III (see Table 2).

Following 13 days in

which all subjects received 10 min of water each day in their home
cages, suppression during the 10-sec tone in the middle of the exper
imental session remained high.

Group 4 subjects were then subjected

to a condition in which no tone appeared; responding during the period
in which the tone had previously appeared was equal to the average
session rate, showing that none of the suppression observed was due
solely to a temporal discrimination of tone onset time.

When the 10-sec

tone reappeared for these subjects after 280 sec of the session, they
all suppressed responding during the tone.
Table 4 and Fig. 7 present selected data for the eight subjects
in Groups 2 and 4 which were exposed to the alternating tone-off,
tone-on Test 3.

Table 4 shows the average mean session rate and sup

pression ratio on the day prior to Test 3; the average mean session
rates for the first and last (fourth) days of Test 3; and the average
mean session rate and suppression ratio on the first day following
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Table 4:

Mean session rate and suppresion ratio (where appropriate)
averages for eight subjects (Groups 2 and 4) for the day
prior to Test 3; the first and last (fourth) days of Test
3; and the first day following Test 3.
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TABLE 4

EXT VI
LAST DAY
MSR1

SR2

4.504

0.219

TEST 3
Day 1

Day 4

MSR

MSR

4.766

5.062

EXT VII
First Day
MSR

SR

4.604 0.073

Mean Session Rate
2

Suppression Ratio
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Figure 7

Total licks for eight subjects (Groups 2 and 4) for the
first six alternating 10-sec tone-off and tone-on periods
of the first and last (fourth) days of Test 3.
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Test 3.

Fig. 7 shows the total licks emitted by all eight subjects

during the first six alternating 10-sec tone-off and tone-on periods
on the first day of Test 3.

Consistently greater numbers of licks

occurred during tone-off periods than during tone-on periods during
this initial 2 min portion of Test 3.

Suppression was not pronounced,

but did persist throught the session; the eight subjects totaled
6,772 licks during tone-off periods in the first half of the session,
compared to 5,218 licks during tone-on periods.

In the second half

of the session, 6,258 licks occurred during tone-off, versus 4,631
licks during tone-on.

The average session lick rate on the first

day of Test 3, 4.776 licks per sec, was slightly higher than the 4.504
licks per sec average obtained the day prior to the test (Table 4).
By the beginning of the fourth day of Test 3, no such consistent
alternation was evidenced.

This is seen in Fig. 7 where the total

licks during the first six 10-sec tone-off periods are not consistently
greater than total licks during the alternating 10-sec tone-on periods
of this last day of Test 3.

However, on the following day, the

first day of Extinction VII, suppression during the 10-sec tone appearin the middle of the session was complete for 7 of 8 subjects.

An

average suppression ratio of 0.073 obtained, this despite four sessions
of alternating 10-sec periods of tone-off and tone-on (Table 4).
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EXPERIMENT II

Experiment II was designed to attempt to replicate Angerami's
(1976) results with the operant response of lever pressing as the
target response.

The assessment of the suppressive effects of the

tone upon the response of licking was also accomplished.

Method

Subjects

Four rats randomly assigned to this group from the pool of
20 available at the start of Experiment I served.

Water was availa

ble to this group for one 10-min period daily, approximately 30 min
after the experimental session.

Exceptions are indicated in the

Procedure section below.

Apparatus

Four different chambers, identical to the ones described in Ex
periment I but with the following exceptions, were employed.

The

lever was operative, with a force of 25g. being required to activate
the microswitch.

The water dipper was operative, with each lever

press causing the dipper to drop for 0.5 sec into a reservoir filled
with water and return with 0.01 cc of water, where it remained until
the next lever press.

These chambers did not have the 1 cm hole for

access to a drinking tube.
41
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Procedure

The first lever press illuminated the houselight and initialized
the session.

All other conditions in the experiment were the same

as those in Experiment I except that the lever press replaced the
lick as the response which was measured and punished; Table 5 pre
sents the sequence and duration of experimental conditions.

The

tone appeared in Test 1 immediately following the first lever press
by the subject.
At the beginning of Punishment III, the rats were switched
to the four experimental chambers described in Experiment I, with
the lever and dipper operative and lick tubes absent.

Following

the one-day Extinction V condition, the levers were rendered inoper
ative and lick tubes installed.

For the next nine days, the animals

received all their daily water during the experimental sessions.

For

the first 6 days no tone appeared during the session, while in the
next three sessions the 10-sec tone appeared in its usual position
280 sec after session start; no shock occurred.

The animals were

then returned to their original lever press chambers for two final
days in which the 10-sec tone appeared without shock in its usual
location.

Daily 10-min post-session home-cage waterings resumed.

Results and Discussion

Data for the lever press group shown in Fig. 8 reveal the same
high degree of suppression during Punishment I as did the lick groups
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Table 5:

Sequence and explanation of conditions in Experiment II.
Numbers in parenthesis refer to number of days the condition
was in effect.
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TABLE 5

CONDITION

EXPLANATION

Baseline (15 days)

10-sec tone after 280 sec; no shock

Punishment I (10 days)

10-sec tone after 280 sec; shock at
tone offset if response(s) during
tone

Extinction I (7 days)

Same as Baseline

Test 1 (2 days)

Continuous tone after first lever
press; no shock

Extinction II (2 days); Punishment II (6 days); Extinction III
(3 days)
Test 2 (2 days)

10-sec tones after 30 sec, 90 sec,
180 sec, and 280 sec; no shock

Extinction IV (2 days)
Animals placed in Experiment I chambers - Punishment III (3
days); Extinction V (1 day)
Licking - No tone (6
days)

Licking - Tone (3days)

Levers inoperative; lick tubes avail
able; no tone; no shock
Same as above except 10-sec tone ap
pears after 280 sec

Animals returned to Experiment II chambers
Lever - Tone (2days)

Same as Baseline
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Figure 8:

Experiment II average (four subjects) suppression ratios
during the 10-sec tone-on period 280 sec after session
start for conditions indicated above each bar. Positions
of Test 1 and Test 2 are shown within broken lines.
Numbers in parenthesis above each bar indicate number
of final sessions of the condition over which average was
computed.
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in Experiment I.

Suppression continued to be strong during Extinction

I, and also in Extinction II and IV following the two tests.
Table 6 shows that the punishment condition depressed overall
session response rate to a greater relative extent in the lever
subjects as compared with the lick subjects; the reduction in rate
of lever pressing from 0.402 responses per sec to 0.143 responses per
sec yields a relative rate of 0.356 (0.142/0.402), while the relative
lick rate in Punishment I of Experiment I was 0.801 (3.633/4.536).
In addition, the lever press rate never recovered to the Baseline
rate during the remainder of Experiment II.

An analysis of variance

procedure, comparing the relative response rates of the four groups
in Experiment I with the Experiment II group was significant (F=5.539,
p(.006); a least significant difference simultaneously comparison pro
cedure showed that the difference between the lever press group's
relative rate decrease and those of each of the four lick groups were
significant at the p (.01 level; all other comparisons were not signi
ficantly different.
Test 1 produced only a moderate suppression of the group's lever
press rate as compared to the rate during similar periods in Baseline,
as Fig. 9 displays.

Individual-subject data show in Fig. 10 explains

this moderate group suppression ratio as a consequence of the averag
ing of two subjects which suppressed completely for the first 20 sec
of the tone and then showed gradual rate recovery, and two subjects
which did not suppress upon tone onset.

It should be recalled that

tone onset for this group occurred with the first lever press of the
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Table 6:

Mean session lever press rates (or lick rates where indicated)
averaged for the four subjects during conditions indicated.
Numbers in parenthesis indicate number of final sessions
of condition over which average was taken. Test averages
are for first day of test only.
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TABLE 6

t
l
CONDITION
(Days)

Mean Session Rate
(Responses per Sec)

BL (3)

.402

PUN I (3)

.143

EXT I (3)

.246

TEST 1 (Day 1)

.301

EXT II (2)

.295

PUN II (3)

.209

EXT III (3)

.222

TEST 2 (Day 1)

.218

EXT IV (2)

.261

PUN III (3)

.273

EXT V (1)

.308

Lick Tone Off (3)

5.019

Lick Tone on

(3)

4.974

(2)

.307

(Lever)
Tone
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Figure 9:

Group average suppression ratios on the first day of Test
1 (bottom curve) for the first, second, third, sixth, and
twelfth 10-sec periods after tone onset (session start).
The top curve shows suppression ratios for equivalent
periods on the last day of Baseline.
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Figure 10:

Individual subject Test 1 (first day) suppression ratios.
Ratios are for the first, second, third, sixth, and twelfth
10-sec periods after tone onset.
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session, which also illuminated the chamber, as compared to Test
1 of Experiment I in which tone onset occurred after some passage
of time from session start.

The test for this group is more similar,

then, to the test for Groups 1 and 2 in Experiment I than for Groups
3 and 4 of that experiment.
Fig. 11 shows that subjects suppressed to all four 10-sec toneon conditions in Test 2; suppression during the first tone 30 sec
after session start was complete.
Following Extinction IV, subjects were moved to chambers with
lick tubes; levers were rendered inoperative, and subjects were
exposed to 10-min sessions in which they could lick.

After six

days of this condition in which no tone occurred, the tone appeared
for 10 sec after 280 sec of the session had elapsed.

As seen in Fig.

8, moderate suppression of licking during the tone-on period occurred.
Two subjects showed total suppression of licking during both days
of this condition, one suppressed the first day and showed moderate
suppression the second, and the fourth suppressed only slightly on
both days.

Subjects were then returned to their lever press chambers

with the levers operative, and suppression of lever pressing during
the 10-sec tone-on period again occurred, though to a slightly lesser
extent than in the previous extinction conditions.

General Discussion

The results of Experiment I were similar to those of Angerami
(1976) in that mean session rates during Test 1 were similar to those
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Figure 11:

Group average suppression ratios for the four 10-sec
tone-on periods of the first day of Test 2 (bottom
curve) and comparative 10-sec periods averaged over
the last three days of Baseline (top curve). Tone on
set occurred 30 sec, 90 sec, 180 sec and 280 sec after
session start.
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of Extinction I.

An average lick rate per animal during the test

was 4.221, versus a 4.439 lick per sec rate prior to the test;
no overall suppressive effects of the continuous tone were observed.
The same was true for Tests 2 and 3 (see Table 2 and Table 4).

How

ever, suppression consistently occurred at tone onset, as was seen in
the first two 10-sec periods after tone onset in Test 1 and in all
four 10-sec tone-on conditions in Test 2.

In other words, once

at least 30 sec of the session had elapsed, some suppression consis
tently occurred with tone onset.

Mild suppression was also seen

throughout the first session of Test 3 during tone-on periods.
The data suggest the possibility of temporal discrimination with
respect to time-since-session-start to tone onset.

However, the time-

since-session-start values chosen may have prevented any clear discrim
inative effects from being observed.

Possibly the testing of tone

onset values such as 10 sec, 20 sec, and 30 sec from session start
versus 200 sec and 280 sec would have been more sensitive to any
effects of such discrimination.

This hypothesis gains support from

Masiques (1976), from Test 1 and 3 reported in Experiment I and Tests
2 and 3 of Experiment II.

Masiques (1976) showed that little or no

immediate or lasting suppression occurred when test tone onset was
either at session start or 10 sec after session start.

Only a small

amount of suppression occurred in Test 3 when the first 10-sec tone-on
period appeared 10 sec after session start.

Total licks for the eight

subjects tested dropped from 556 to 387, equivalent to an average
decrease from 6.95 licks per sec to 4.95 licks per sec per rat.
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trends shown by the four groups in the Test 1 results also lend
some support to the possibility that time-since-session-start may
be a relevant variable.

Finally, only two of the four subjects in

Experiment II suppressed to tone onset at session start (Test 1)
but all four suppressed completely to tone onset after 30 sec (Test 2).
Tests using more subjects per group would provide more powerful
evidence in terms of statistical procedures and also in terms of the
shapes of the respective group curves themselves.

An individual organ

ism approach is also indicated in which one animal is subjected
to numerous Test 1 conditions in which tone onset is varied with
respect to time-since-session-start.
Noteworthy is the response suppression observed during the 10-sec
tone in Extinction II and Extinction IV following the first two tests
of Experiment I; average suppression ratios per subject of 0.070 and
0.024 obtained for the respective two tests.

Some responding occurred

during the tone in each test, especially in Test 1, but suppression was
high when the tone appeared for 10 sec in the middle of the session
in extinction.

While the data were suggestive of the importance of

a temporal discrimination of time-since-session-start with respect
to the effectiveness of the tone-on condition in suppressing responding,
simple stimulus change from tone-off to tone-on appears to be another
crucial event.

Once the session had begun, suppression occurred in

four different tone-on locations in Test 2.

This would suggest that

a frequent alternation of tone-on and tone-off conditions might be
required to weaken the suppressive effects of the tone, especially
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if the animal continued to obtain all its water during the experi
mental session.
Such an alternation test was presented to Groups 2 and 4 for
four days (Test 3); mild suppressive effects of the tone were noted
throughout the first session, but by the beginning of the fourth day
of the test, the tone did not suppress licking; a group total of
537 licks occurred in the first 10-sec tone-off period, while 504
licks occurred during the second 10-sec period when the tone was
on.

Despite these extensive stimulus changes every 10 sec from tone-

off to tone-on and the extensive licking which occurred during the
tone-on conditions, the single 10-sec tone appearing after 280 sec
on the first Extinction VII day after Test 3 suppressed licking entirely
for seven of eight subjects; an average suppression ratio per subject
of 0.075 was observed.

The relevant stimulus complex may therefore

include not only the stimulus change and tone-since-session-start,
but also the appearance of the stimulus after some lengthy but as
yet undefined tone-off period.

It is possible, for example, that

the repeated presentations of the 10-sec tone once each minute for
four sessions would produce a weaker suppressive effect of tone on
set in an extinction trial than did the alternation Test 3.
Another variable which could account for some or all of any
systematic difference in suppression, especially in Tests 1 and 2
and Masiques (1976), is deprivation; after 30 sec the animal has
drunk for only a short time and deprivation which remains high may
override any suppressive effects of the tone.

After 3 min or 5 min
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he has consumed considerably more water.

It may be, then, that the

suppressive effects of the tone depend upon the immediate deprivation
condition of the organism, which is continuously decreasing as the
session progresses.
One way to separate any effects of temporal discrimination from
those of deprivation would be to employ a reinforcer the effective
ness of which does not depend upon deprivation, such as electrical
brain stimulation (ICS).

Also, a valve-type liquid reinforcement

mechanism could provide water to a lick tube on a variable interval
basis such that the licking response would be maintained without
providing the animal with large enough quantities of water to signi
ficantly alter the deprivation state.

A third possibility, suggested

by the successful Experiment II replication of Angerami (1976) , would
be to train subjects to press a lever on a variable interval schedule
of food or water reinforcement designed to maintain a moderate response
rate without yielding sufficient reinforcement to greatly alter
deprivation during the session.
Masiques’ (1976) data did support the question of whether suppres
sion would occur if the 10-sec tone appeared early in training sessions,
with shock occurring at tone offset contingent upon any response(s).
One group of four rats was tested with a 10 sec discriminated punish
ment condition which began 10 sec after session start.

Using a 0.12

sec shock of 1.5 mA intensity, suppression occurred during the tone.
Thus a brief 1.5 mA shock was able to override the strong deprivation
state existing at the start of daily 10 min sessions.
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In summary, the suppressive effects of the tone signaling
punishment in the middle of a session did generalize to tone onsets
earlier in the session; suppression to tone onset 30 sec after
session start was substantial, but little or no suppression occurred
when the tone appeared at session start or 10 sec after session
start.

And striking was the failure of the extinction of the sup

pressive effects of the tone during Tests 1 and 3 to generalize to
its original temporal location in the middle of the session.
Experiment II generally replicated the Angerami (1976) study
with an operant lever press response instead of licking.

All animals

suppressed during the Punishment I condition, with mean session
rates during Test 1 being slightly higher on average than those of
Extinction I.

In addition, suppression to the 10-sec tone in the

middle of the session occurred the day following the test.

Only

two of the four subjects suppressed during the first seconds of
Test 1 when tone onset occurred at session start, but all animals
suppressed at each of the four tone-on periods of Test 2, suggesting
again the relevance of a passage of time from session start in deter
mining the suppressive effects of the tone.

As in Experiment I,

further research is indicated.
Relative to the respective Extinction I mean session response
rates, the punishment procedure lowered the average response rate
significantly more for the lever press group than for the lick groups
this finding is related to the question of whether an operant or a
consumatory response is more susceptible to weakening by punishment.
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A more accurate statement of these results, however, is that the
10-sec discriminated punishment procedure weakened overall session
response rates, since in both experiments almost total suppression
occurred during the 10-sec tone in Punishment I.

Both response

baselines, then, were subjected to an operation which depressed
overall session responding, with relatively more suppression occurring
with the lever press response.

A more simple and direct analysis of

this relative weakening effect of the punishment condition on overall
session lick and lever press rates is suggested in Nevin's (1974)
description of a multiple schedule technique.

A retractable lick

tube could be made available for alternate periods of time, with the
lever and dipper operational in the other.

The 10-sec discriminated

punishment operation could be imposed in the middle of each component
of the multiple, with relative response rates calculated.

If a milder

punisher were used which would not eliminate responding entirely during
the signaled punishment period, such a multiple schedule technique
could be used to assess the relative weakening of responding during
the tone itself; this latter suggestion bears more directly upon
the question of which type of response, operant or consummatory, is
more susceptible to punishment.

An intermittent reinforcement schedule,

for example a variable interval schedule, could be employed in the
lever press response component to generate a higher rate of response
if this were desirable.
Finally, the second experiment also demonstrated the suppressive
effect of the tone, associated only with a lever press response, on
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the response of licking.

Licking responses of all four subjects

showed varying degrees of suppression during the tone-on condition,
with total suppression occurring for two subjects.

These data show

that the suppressive effects of a tone established with one response
in a discriminative punishment procedure will transfer to another
response previously unassociated with the discriminative punishment
procedure.
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